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METHOD AND APPARATUS FOR RECORDING/REPRODUCING 
INFORMATION WITH RESPECT TO OPTICAL RECORDING MEDIUM 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and an apparatus for 
recording/reproducing information with respect to an optical recording 
medium by irradiating an optical recording meditmi, which has a thin film 
including a recording layer on a substrate, with a high-energy beam such as a 
laser beam. In particular, the present invention relates to a method enabling 
information recorded on an optical recording medium to be reproduced in a 
shorter period of time. 

2. Description of the Related Art 

Recently, optical recording media that allow information to be 
recorded/reproduced/deleted, and optical recording apparatuses that 
record/reproduce information with respect to the optical recording media have 
been commercialized. Furthermore, rewritable optical recording media with 
high density that allow animation of high quality to be recorded/reproduced, 
and optical recording apparatuses therefor have been studied and developed 
extensively. As a rewritable optical recording medium, a phase-change type 
optical recording medixmi is known, which has a chalcogenide thin film of Ge- 
Sb-Te, In-Sb-Te, or the like on a disk-shaped substrate with uneven tracks. A 
magnet 0;optical recording medium that has a metal thin film of Fe-Tb-Co or 
the like as a recording layer also is known. 

In a phase-change type optical recording medium, for example, a 
recording thin film layer made of a phase-change material as described above 
is irradiated with a focused laser beam, whereby an irradiated portion is 
heated locally to a predetermined temperature. The irradiated portion shifts 
to a crystalline state when it reaches a crystallization temperature or higher, 
and it shifts to an amorphous state when it reaches a temperature exceeding a 
melting point, followed by rapid cooling. Either the amorphous state or the 
crystalline state is defined as a recording state or a deleting state (non- 
recording state), and an amorphous mark is formed on a medium with a 
pattern corresponding to an information signal, whereby recording is 
conducted. Furthermore, the change in these states is reversible, so that 




information is recorded or deleted repeatedly. The crystalline state and the 
amorphous state have different optical characteristics. Therefore, a signal 
can be reproduced by optically detecting a change in reflectance or in 
transmittance, utilizing the difference in characteristics. 
5 In a magneto-optical recording medium, for example, a magneto- 

optical recording thin film is irradiated with a focused laser beam, so as to be 
heated locally to a predetermined temperature. A magnetic field is added to 
the film concurrently with heating, and a magnetization direction of the film 
is inverted in accordance with information, whereby information is recorded 

10 or rewritten repeatedly. 

Hereinafter, a conventional method for recording/reproducing 
information with respect to an optical recording medium with high density 
will be described. 

When an optical recording medium is loaded in an optical recording 

15 apparatus, the optical recording medium starts rotating. Then, the optical 
recording apparatus sets the laser power at reproduction power, and sets a 
servo condition for a laser beam to scan a track under a focus condition and a 
tracking condition for recording/reproducing information. In order to record 
information on the optical recording medium with optimum laser power, the 

20 power of a semiconductor laser is increased or decreased previously to extract 
the optimum write power (power learning). Furthermore, according to a 
method for correcting a recording pulse train appropriately in accordance with 
an information pattern to be recorded as suggested by JP 7-129959 A, an 
optimum recording pulse condition is extracted (recording pulse learning). 

25 When a series of operations is completed, the optical recording apparatus 
becomes capable of recording/reproducing information with respect to the 
optical recording medium, and information can be read from and recorded on 
the optical recording medium in accordance with a command from a personal 
computer. 

30 However, in the case where the optical recording mediimi is loaded in 

the optical recording apparatus, and information is read from the optical 
recording medium as described above, the information starts being read only 
after a series of learning steps such as power learning, recording pulse 
learning, and servo learning is conducted and a host computer is informed 

35 that the optical recording apparatus becomes available. Thus, a lot of time is 
required for a series of learning steps. These learning steps are likely to take 
a longer period of time in an optical recording medium ready for high-density 
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recording. In some cases, for example, tens of seconds are reqxiired for 
extracting an optimum recording condition by learning. Thus, the 
conventional method has a problem in that a user's waiting time (from loading 
an optical recording medium to reproducing data therefrom) becomes long. 
5 Furthermore, during this waiting time, the user is just on standby 

without taking advantage of it. 

SUMMARY OF THE INVENTION 

10 Therefore, the present invention overcomes the above-mentioned 

problems, and its object is to shorten a user's standby time that has become 
longer along with the higher density of an optical recording medium. 

Furthermore, it is another object of the present invention to utilize a 
user's standby time effectively 

15 In order to achieve the above-mentioned objects, the first optical 

recording/reproducing method of the present invention for optically recording 
or reproducing information with respect to an optical recording medium by 
using an optical recording apparatus, includes: a loading step of loading the 
optical recording medium in the optical recording apparatus; a reproduction 

20 power setting step of setting the power of laser light emitted from the optical 
recording apparatus to the optical recording medium at reproduction power; a 
management information reproduction step of reproducing management 
information for managing user information recorded on the optical recording 
medium with laser light having the reproduction power; and a recording 

25 learning step of extracting a recording condition suitable for the optical 

recording medium, wherein the recording learning step is conducted after the 
management information reproduction step. 

According to the above-mentioned method, a learning operation can be 
performed while a user is confirming a directory and the like of information 

30 recorded on an optical recording medium. 

In order to achieve the above-mentioned objects, the second optical 
recording/reproducing method of the present invention for optically recording 
or reproducing information with respect to an optical recording medivun by 
using an optical recording apparatus, includes: a loading step of loading the 

35 optical recording medium in the optical recording apparatus; a reproduction 
power setting step of setting the power of laser light emitted from the optical 
recording apparatus to the optical recording medium at reproduction power; a 
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preliminary information reproduction step of reproducing preliminary 
information recorded on the optical recording mediimi with laser light having 
the reproduction power; a count-up step of starting count-up of a time after 
completion of the preliminary information reproduction step; and a recording 
5 learning step of extracting a recording condition suitable for the optical 

recording medium, wherein the recording learning step is conducted after a 
time counted up during the count-up step becomes at least a predetermined 
time. 

According to the above-mentioned method, a user's standby time can 
10 be shortened by conducting the count-up step. 

According to the second optical recording/reproducing method, it is 
preferable that, in the count-up step, count-up is continued unless recording 
or reproduction of user information is requested, 

when recording of the user information is requested, a process 
15 proceeds to the recording learning step, and 

when reproduction of the user information is requested, the process 
proceeds to a user information reproduction step of reproducing user 
information recorded on the optical recording medium with laser light having 
the reproduction power, and after the user information reproduction step, 
20 count-up of a time is restarted after the counted time is reset. 

Furthermore, it is preferable that the second optical 
recording/reproducing method further includes a recording learning 
preference mode and a reproduction preference mode that are selected 
alternatively, wherein, when the recording learning preference mode is 
25 selected, the process proceeds from the preliminary information reproduction 
step to the recording learning step, and when the reproduction preference 
mode is selected, the process proceeds from the preliminary information 
reproduction step to the count -up step. 

Furthermore, it is preferable that, in the recording learning step 
30 conducted after the count-up step, when reproduction of user information is 
requested, the recording learning step is suspended, the process proceeds to a 
user information reproduction step of reproducing user information recorded 
on the optical recording medium, with laser light having the reproduction 
power, and the recording learning step is restarted after the user information 
35 reproduction step. 

In order to achieve the above-mentioned objects, the third optical 
recording/reproducing method of the present invention for optically recording 
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or reproducing information with respect to an optical recording medium by 
using an optical recording apparatus, includes: a loading step of loading the 
optical recording medium in the optical recording apparatus; a reproduction 
power setting step of setting the power of laser light emitted from the optical 
5 recording apparatus to the optical recording medixmi at reproduction power; 
and a recording possibility identifying step of identifying the possibility of 
recording information on the optical recording medium, based on a recording 
identifier, 

wherein, when prohibition of recording is identified in the recording 
10 possibihty identifying step, a process proceeds to a user information 

reproduction step of reproducing user information recorded on the optical 
recording medium, with laser light having the reproduction power, or a 
reproduction standby step of waiting for a request for reproduction of the user 
information, and 

15 when permission of recording is identified in the recording possibility 

identifying step, a management information reproduction step of reproducing 
management information for managing user information recorded on the 
optical recording mediimi, with laser light having the reproduction power, and 
then a recording learning step of extracting a recording condition suitable for 

20 the optical recording medium are conducted. 

In order to achieve the above-mentioned objects, the fourth optical 
recording/reproducing method of the present invention for optically recording 
or reproducing information with respect to an optical recording medium by 
using an optical recording apparatus, includes: a loading step of loading the 

25 optical recording medium in the optical recording apparatus; a reproduction 
power setting step of setting the power of laser light emitted from the optical 
recording apparatus to the optical recording mediimi at reproduction power; 
and a recording possibility identifying step of identifying the possibility of 
recording information on the optical recording medium^ based on a recording 

30 identifier, 

wherein, when prohibition of recording is identified in the recording 
possibihty identifying step, a process proceeds to a user information 
reproduction step of reproducing user information recorded on the optical 
recording medium, with laser light having the reproduction power, or a 
35 reproduction standby step of waiting for a request for reproduction of the user 
information, and 

when permission of recording is identified in the recording possibility 
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identifying step, a preliminary information reproduction step of reproducing 
preliminary information recorded on the optical recording medium, with laser 
light having the reproduction power, a count-up step of starting count-up of a 
time after completion of the preliminary information reproduction step, and 
5 a recording learning step of extracting a recording condition suitable for the 
optical recording medium are conducted in this order, and the recording 
learning step is conducted after a time counted up during the count-up step 
becomes at least a predetermined time. 

According to the third and fourth optical recording/reproducing 

10 method, a user's standby time can be shortened or utilized effectively by using 
the determination in the recording possibility identifying step. 

According to the third and fourth optical recording/reproducing 
method, it is preferable that the recording identifier is provided at the optical 
recording mediimi. Alternatively, it is preferable that the recording identifier 

15 is provided at a case accommodating the optical recording medium. 

Alternatively, it is preferable that the recording identifier includes a first 
recording identifier provided at the optical recording medium and a second 
recording identifier provided at a case accommodating the optical recording 
medium. 

20 In order to achieve the above-mentioned objects, the fifth optical 

recording/reproducing method of the present invention for optically recording 
or reproducing information with respect to an optical recording medium by 
using an optical recording apparatus, includes: a loading step of loading the 
optical recording medium in the optical recording apparatus; a reproduction 

25 power setting step of setting the power of laser light emitted from the optical 
recording apparatus to the optical recording mediimi at reproduction power; a 
recording possibility identifying step of identifying the possibility of recording 
information on the optical recording medium, based on a recording identifier; 
and a rotation speed control step of controlling a rotation speed of the optical 

30 recording mediiim, based on the identified possibility of recording, 

wherein, when prohibition of recording is identified during the 
recording possibihty identifying step, a mode of prescribing a rotation speed of 
the optical recording medium to be constant is selected during the rotation 
speed control step, and 

35 when permission of recording is identified during the recording 

possibility identifying step, a mode of controlling a rotation speed of the 
optical recording medium for each region so as to alleviate the difference in 
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scanning speed of the laser light in a plurality of regions partitioned based on 
a distance from a rotation center of the optical recording medium is selected 
during the rotation speed control step. 

According to the above-mentioned method, the rotation speed control 
5 step is conducted in a required range by using the determination in the 

recording possibility identifying step. Furthermore, the frequency of altering 
the rotation speed during reproduction becomes low, which can shorten the 
search time of an arbitrary track. This results in a decrease in user's 
standby time. 

10 According to the fifth optical recording/reproducing method, it is 

preferable that, when permission of recording is identified during the 
recording possibihty identifying step, a rotation speed of the optical recording 
medium is controlled for each of the regions so that a scanning speed of laser 
light becomes substantially the same in the plurality of regions. 

15 Furthermore, it is preferable that, when prohibition of recording is 

identified during the recording possibility identifying step, a user information 
reproduction step of reproducing user information recorded on the optical 
recording medium, with laser light having the reproduction power, or a 
reproduction standby step of waiting for a request for reproduction of the user 

20 information is conducted, and 

when permission of recording is identified during the recording 
possibility identifying step, a management information reproduction step of 
reproducing management information for managing user information 
recorded on the optical recording meditun, with laser light having the 

25 reproduction power, and a recording learning step of extracting a recording 
condition suitable for the optical recording medium are further conducted in 
this order. 

Furthermore, it is preferable that, when prohibition of recording is 
identified during the recording possibility identifying step, a user information 

30 reproduction step of reproducing user information recorded on an optical 
recording medium, with laser light having the reproduction power, or a 
reproduction standby step of waiting for a request for reproduction of the user 
information is further conducted, and 

when permission of recording is identified during the recording 

35 possibility identifying step, a preliminary information reproduction step of 
reproducing preliminary information recorded on the optical recording 
medium, with laser light having the reproduction power, a count-up step of 
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starting count-up of a time after completion of the preliminary information 
reproduction step, and a recording learning step of extracting a recording 
condition suitable for the optical recording medium are conducted in this 
order, and the recording learning step is further conducted when a time 
5 counted up during the count-up step becomes at least a predetermined time. 

According to the above-mentioned preferred embodiments, a user's 
standby time can be further shortened or utiHzed effectively. 

Furthermore, it is preferable that the recording learning step is at 
least one selected from the group consisting of a recording power learning step 

10 of extracting laser emission power suitable for the optical recording medium, a 
recording pulse learning step of extracting a recording pulse condition 
suitable for the optical recording medixmi, a recording servo learning step of 
extracting a servo condition suitable for the optical recording medium during 
recording, a groove parameter learning step of determining a groove 

15 parameter of the optical recording mediimi, and an equalizing amount 

learning step of determining an equalizing amount with respect to the optical 
recording medium. 

In order to achieve the above-mentioned objects, the first optical 
recording apparatus of the present invention for optically recording or 

20 reproducing information with respect to an optical recording mediimi, 

includes: loading means for loading the optical recording medium; an optical 
head for emitting laser light to the loaded optical recording medium; 
reproduction power setting means for setting the power of the laser light at 
reproduction power; information reproduction means for reproducing 

25 information recorded on the optical recording medium, with laser light having 
the reproduction power; recording learning means for extracting a recording 
condition suitable for the optical recording medium; and control means for 
allowing the information reproduction means to reproduce management 
information for managing user information recorded on the optical recording 

30 medium, and then, operating the recording learning means. 

According to the above-mentioned structure, the learning operation 
can be performed while a user is confirming a directory and the like of 
information recorded on an optical recording mediiun. 

In order to achieve the above-mentioned objects, the second optical 

35 recording apparatus of the present invention for optically recording or 
reproducing information with respect to an optical recording medivim, 
includes: loading means for loading the optical recording mediimi; an optical 
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head for emitting laser light to the loaded optical recording medium; 
reproduction power setting means for setting the power of the laser light at 
reproduction power; information reproduction means for reproducing 
information recorded on the optical recording medium, with laser light having 
5 thie reproduction power; count-up means for starting count-up of a time after 
completion of a reproduction operation of preliminary information recorded on 
the optical recording mediiun by the information reproduction means; 
recording learning means for extracting a recording condition suitable for the 
optical recording medium; and control means for operating the recording 

10 learning means after a time counted up by the count-up means becomes at 
least a predetermined time. 

According to the above-mentioned structure, a user's standby time can 
be shortened by utilizing the count-up means. 

In the second optical recording apparatus, it is preferable that, during 

15 an operation of the count-up means, the control means allows the operation of 
the count -up means to continue unless recording or reproduction of user 
information is requested, 

when recording of the user information is requested, the control 
means operates the recording learning means, and 

20 when reproduction of the user information is requested, the control 

means allows the information reproduction means to reproduce information 
recorded on the optical recording medium with laser light having the 
reproduction power, and restarts the operation of the count-up means after 
resetting of a time counted up by the count-up means after completion of the 

25 operation of the information reproduction means. 

Furthermore, it is preferable that the second optical recording 
apparatus further includes preferential mode selection means for selecting a 
recording learning preference mode and a reproduction preference mode 
alternatively, 

30 when the recording learning preference mode is selected by the 

preferential mode selection means, the control means operates the recording 
learning means after completion of a reproduction operation of the 
preliminary information by the information reproduction means, and 

when the reproduction preference mode is selected by the preferential 

35 mode selection means, the control means operates the count-up means after 
completion of the reproduction operation by the information reproduction 
means. 

9 




Furthermore, it is preferable that, during an operation of the 
recording learning means after an operation of the count-up means, when 
reproduction of user information is requested, the control means suspends the 
operation of the recording learning means to operate the information 
5 reproduction means, and restarts the operation of the recording learning 
raeans after completion of the operation of the information reproduction 
means. 

In order to achieve the above-mentioned objects, the third optical 
recording apparatus of the present invention for optically recording or 

10 reproducing information with respect to an optical recording medium, 

includes: loading means for loading the optical recording medium; an optical 
head for emitting laser light to the loaded optical recording medium; 
reproduction power setting means for setting the power of the laser light at 
reproduction power; recording possibility identifying means for identifying the 

15 possibility of recording information on the optical recording medium based on 
a recording identifier; information reproduction means for reproducing 
information recorded on the optical recording medixmi with laser light having 
the reproduction power; recording learning means for extracting a recording 
condition suitable for the optical recording medium; and control means for, 

20 when prohibition of recording is identified by the recording possibility 
identifying means, operating the information reproduction means 
immediately after completion of operations of the recording possibility 
identifying means and the reproduction power setting means, or in response 
to a request for reproduction of the information after completion of operations 

25 of the recording possibility identifying means and the reproduction power 
setting means, and, when permission of recording is identified by the 
recording possibility identifying means, after completion of operations of the 
reproduction power setting means and the recording possibility identifying 
means, allowing the information reproduction means to reproduce 

30 management information for managing user information recorded on the 

optical recording medium, and then, operating the recording learning means. 

Furthermore, in order to achieve the above-mentioned objects, the 
fourth optical recording apparatus of the present invention for optically 
recording or reproducing information with respect to an optical recording 

35 medium, includes: loading means for loading the optical recording mediimi; an 
optical head for emitting laser light to the loaded optical recording medium; 
reproduction power setting means for setting the power of the laser light at 
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reproduction power; recording possibility identifying means for identifying the 
possibility of recording information on the optical recording medium based on 
a recording identifier; information reproduction means for reproducing 
information recorded on the optical recording mediimi with laser light having 
5 the reproduction power; count-up means for starting count-up of a time after 
completion of an operation of the information reproduction means; recording 
learning means for extracting a recording condition suitable for the optical 
recording medium; and control means for, when prohibition of recording is 
identified by the recording possibility identifying means, operating the 

10 information reproduction means immediately aftier completion of operations of 
the recording possibility identifying means and the reproduction power 
setting means, or in response to a request for reproduction of the information 
after completion of operations of the recording possibility identifying means 
and the reproduction power setting means, and when permission of recording 

15 is identified by the recording possibility identifying means, allowing the 
information reproduction means to reproduce preliminary information 
recorded on the optical recording mediimi after completion of operations of the 
recording possibiHty identifying means and the reproduction power setting 
means, operating the count-up means after completion of an operation of the 

20 information reproduction means, and operating the recording learning means 
after a time counted up by the count-up means becomes at least a - 
predetermined time. 

According to the third and fourth optical recording apparatus, a user's 
standby time can be shortened or utilized effectively by using the 

25 determination by the recording possibility identifying m^eans. 

It is preferable that, in the third and fourth optical recording 
apparatus, the recording identifier is provided at the optical recording 
medium. Alternatively, it is preferable that the recording identifier is 
provided at a case accommodating the optical recording medium. 

30 Alternatively, it is preferable that the recording identifier includes a first 
recording identifier provided at the optical recording medium and a second 
recording identifier provided at a case accommodating the optical recording 
medium. 

In order to achieve the above-mentioned objects, the fifth optical 
35 recording apparatus of the present invention for optically recording or 
reproducing information with respect to an optical recording mediimi, 
includes: loading means for loading the optical recording medium; an optical 
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head for emitting laser light to the loaded optical recording medium; 
reproduction power setting means for setting the power of the laser light at 
reproduction power; recording possibility identifying means for identifying the 
possibility of recording information on the optical recording medium based on 
5 a recording identifier; information reproduction means for reproducing 

information recorded on the optical recording medium with laser light having 
the reproduction power; rotation speed control means for controlling a 
rotation speed of the optical recording medium; and control means for, when 
prohibition of recording is identified by the recording possibility identifying 

10 means, selecting a mode of allowing the rotation speed control means to 

control a rotation speed of the optical recording medium to be constant, and 
when permission of recording is identified by the recording possibility 
identifying means, selecting a mode of allowing the rotation speed control 
means to control a rotation speed of the optical recording medium for each 

15 region so as to alleviate the diflference in scanning speed of the laser light in a 
plurality of regions of the optical recording mediimi partitioned based on a 
distance from a rotation center. 

According to the above-mentioned structure, the operation of the 
rotation speed control means is conducted in a required range by using the 

20 determination by the recording possibility identifying means. Furthermore, 
the frequency of altering the rotation speed during reproduction becomes low, 
which can shorten the search time of an arbitrary track. This results in a 
decrease in the user's standby time. 

It is preferable that, in the fifth optical recording apparatus, when 

25 permission of recording is identified by the recording possibiHty identifying 
means, the control means controls a rotation speed of the optical recording 
medivun for each region so that a scanning speed of laser light in a plurality of 
regions becomes substantially the same. 

Furthermore, it is preferable that, when prohibition of recording is 

30 identified by the recording possibility identifying means, the control means 

operates the information reproduction means immediately after completion of 
an operation of the rotation speed control means, or in response to a request 
for reproduction of the information after completion of an operation of the 
rotation speed control means, and 

35 when permission of recording is identified by the recording possibility 

identifying means, after completion of an operation of the rotation speed 
control means, the control means allows the information reproduction means 
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to reproduce management information for managing user information 
recorded on the optical recording medium, and operating recording learning 
means for extracting a recording condition suitable for the optical recording 
means. 

5 Furthermore, it is preferable that, when prohibition of recording is 

identified by the recording possibility identifying means, the control means 
operates the information reproduction means immediately after completion of 
an operation of the rotation speed control means, or in response to a request 
for reproduction of the information after completion of an operation of the 

10 rotation speedxontrql means, and 

when prohibition of recording is identified by the recording possibility 
identifying means, the control means allows the information reproduction 
means to reproduce preliminary information recorded on the optical recording 
medium after completion of an operation of the rotation speed control means, 

15 operates the count-up means after completion of an operation of the 

information reproduction means, and operates recording learning means for 
extracting a recording condition suitable for the optical recording medium 
after a time counted up by the count-up means becomes at least a 
predetermined time. 

20 According to the above-mentioned preferred embodiments, a user's 

standby time can be further shortened or utilized effectively. 

Furthermore, it is preferable that the recording learning means is at 
least one selected from the group consisting of recording power learning 
means for extracting laser emission power suitable for the optical recording 

25 mediimi, recording pulse learning means for extracting a recording pulse 

condition suitable for the optical recording mediimi, recording servo learning 
means for extracting a servo condition suitable for the optical recording 
medium during recording, groove parameter learning means for determining 
a groove parameter of the optical recording medimn, and equalizing amount 

30 learning means for determining an equalizing amount with respect to the 
optical recording medium. 

As described above, according to the above-mentioned method and 
structure, the recording learning step is conducted after a directory content 
and the like of recorded information is transferred to a host computer, 

35 whereby a learning operation can be performed while a user is confirming the 
directory content and the like of recorded information on the host computer 
side. Therefore, a user's standby time involved in a series of recording 
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learning steps can be shortened to be substantially negligible. 

Furthermore, information recorded on an optical recording medium is 
reproduced preferentially, and recording learning is conducted after a 
predetermined standby time. This allows a reproduction operation to be 
5 performed preferentially, and substantially shortens a period of time required 
for enabling information to be reproduced from the optical recording medium. 
Furthermore, because of the function of conducting recording learning after a 
predetermined period of time, a user substantially can ignore a time for 
recording learning. 

10 Furthermore, when recording on an optical recording medium is 

prohibited, a series of recording learning steps required for recording, 
rewriting, and deleting information are omitted. Therefore, an optical 
recording apparatus is put in a standby state for reproducing information in a 
short period of time. 

15 Particularly in the case of a write-protected optical recording medium, 

even when a light beam moves in a radial direction of the optical recording 
medium during reproduction, a rotation speed becomes constant. 
Alternatively, the frequency of altering a rotation speed is decreased, so that a 
time required for altering a rotation speed can be shortened. 

20 These and other advantages of the present invention will become 

apparent to those skilled in the art upon reading and understanding the 
following detailed description with reference to the accompanying figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a block diagram showing a structure of an optical 
recording apparatus in Embodiment 1 according to the present invention. 

Figure 2 is a flow chart showing a procedure of an optical 
recording/reproducing method in Embodiment 1 according to the present 
30 invention. 

Figure 3 is a flow chart showing a procedure of an optical 
recording/reproducing method in Embodiment 2 according to the present 
invention. 

Figure 4 is a flow chart showing a procedure of a modified optical 
35 recording/reproducing method in Embodiment 2 according to the present 
invention. 

Figure 5 is a block diagram showing a structure of an optical 
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recording apparatus in Embodiment 3 according to the present invention. 

Figure 6 is a flow chart showing a procedure of an optical 
recording/reproducing method in Embodiment 3 according to the present 
invention. 

Figure 7 is a view showing a schematic structure of an optical disk 
apparatus (optical disk and case) used in Embodiment 4 according to the 
present invention. 

Figure 8 is a flow chart showing a procedure of an optical 
recording/reproducing method with respect to the optical disk apparatus 
shown in Figure 7. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinaflier, the optical recording/reproducing method and optical 
recording apparatus of the present invention will be described by way of 
preferred embodiments with reference to the drawings. 

(Embodiment 1) 

Figure 1 is a block diagram showing a schematic structure of an 
optical recording apparatus in the present embodiment. 

Referring to Figure 1, an optical recording medium 11 (optical disk) is 
loaded in an optical recording apparatus 1 via a clamp 23. The optical 
disk 11 is accommodated in a case (cartridge) for protection of its surface. An 
optical head 13 focuses light emitted from a built-in semiconductor laser 131 
onto the optical disk 11. The optical head 13 also guides light reflected from 
the optical disk 11 to a built-in photodetector 132, and converts the light into 
an electric signal for output. The photodetector 132 is designed as a 2- 
divided photodetector disposed in such a manner that a dividing line is in 
parallel with a track of the optical disk 11 (i.e., directed so as to detect a push- 
pull tracking error signal). 

Furthermore, the optical recording apparatus 1 includes a recording 
ptdse generation circuit 14 for generating a recording pulse in accordance 
with information to be recorded, and a laser driver 15 for irradiating the 
optical disk 11 with laser light at a predetermined emission power in response 
to an output signal from the recording pulse generation circuit 14. In 
reproducing information, the laser driver 15 allows the semiconductor 
laser 131 in the optical head 13 to emit D.C. light at set reproduction laser 
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power. In recording information, the laser driver 15 allows the 
semiconductor laser 131 to emit pulsed light at set recording laser power in 
response to a servo clock (SCLK) supplied from a phase-locked loop (PLL) 
circuit 175 (described later). 
5 A servo processor 16 allows a spindle driver 25 to drive a spindle 

motor 24, thereby rotating the optical disk 11 loaded via the clamp 23 at a 
constant linear velocity (CLV) or a constant angular velocity (CAV). 

The servo processor 16 also controls focusing of a light beam by 
allowing an actuator driver 26 to drive an objective lens actuator (not shown) 

10 in the optical head 13 in a direction parallel to an emission direction of a light 
beam, based on error information such as a focus error signal (FE) and a 
tracking error signal (TE) detected from the optical disk 11. Similarly, the 
servo processor 16 controls tracking of a light beam by allowing the actuator 
driver 26 to drive the objective lens actuator in a direction parallel to a radial 

15 direction of the optical disk. 

Furthermore, the servo processor 16 allows a traverse driver 27 to 
drive a traverse motor 28 that moves the entire optical head 13 in a radial 
direction, thereby controlling a positional movement of the entire optical 
head 13. The servo processor 16 also allows a tilt driver 29 to drive a tilt 

20 actuator (not shown) connected to the optical head 13, thereby controlling a 
radial tilt position and a tangential tilt position of the optical head 13. 

A reproduction circuit 17 demodulates light reflected from the optical 
. disk 11 to an information signal. The reproduction circtiit 17 includes: a 
preamplifier 171 for amplifying respective optical current signals obtained 

25 from the 2-divided photodetector 132 in the optical head 13 by addition and 
subtraction, and outputting an addition signal (SA) and a subtraction signal 
(SD) to a low-pass filter (LPF) 172 (described later) and a controller 18 
(described later), respectively; an LPF 172 for removing a harmonic 
component from the addition signal SA supplied from the preamplifier 171; an 

30 equalizer (EQ) 173 for equaUzing the waveform of a signal that has been 
/ ^filtered by the LPF 172 with a predetermined equalizing amount set by the 
■ controller 18 (described later); a digitization circuit 174 for converting an 

analog information signal to a pulsiB information signal by a comparator or the 
like; a PLL circuit 175 for, in synchronization with a pidse signal from the 

35 digitization circuit 174, multiplying its frequency to generate a servo clock; 
and a demodulation circuit 176 for demodulating a modiilated pulse 
information signal from the digitization circuit 174 based on a servo clock 
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generated in the PLL circuit 175 to output the demodulated signal to the 
controller 18 (described later). 

The controller 18 controls a series of operations in the recording pulse 
generation circuit 14, the laser driver 15, the servo processor 16, and the 
5 reproduction circuit 17, and communicates with an external host computer to 
transmit/receive information to be recorded and reproduced. 

The controller 18 is connected to a timer 20' and a preferential mode 
selection switch 21, operations of which will be described in later 
embodiments. 

10 Furthermore, the controller 18 is supplied with an output from a jitter 

detection circuit 22. The jitter detection circuit 22 receives a pulse 
information signal from the digitization circuit 174 and a servo clock from the 
PLL circuit 175 in the reproduction circuit 17 to detect a jitter amount in the 
detected information signal. The jitter detection circuit 22 is used for 

15 determining optimum recording power in recording power learning; an 

optimimi recording pulse width, an optimum fore-and-aft edge position, an 
optimum leading and trailing edge pulse position and the like in recording 
pulse learning; an optimimi focus position, an optimimi tracking position, an 
optimum radial tilt position, and an optimum tangential tilt position in 

20 recording servo learning; a groove parameter in groove parameter learning of 
the optical disk 11, and an optimum equalizing amount set in the EQ 173 in 
equalizing amount learning, which will be described later. 

A procedure of an optical recording/reproducing method by the optical 
recording apparatus 1 constructed as above will be described with reference to 

25 a flow chart in Figure 2. 

In an optical disk loading step 201 shown in Figure 2, when the 
case 12 accommodating the optical disk 11 is inserted into the optical 
recording apparatus 1 and loaded onto the clamp 23, the controller 18 outputs 
a command for driving a spindle to the servo processor 16. Then, the servo 

30 processor 16 allows the spindle driver 25 to drive the spindle motor 24 so as to 
rotate the optical disk 11 at a predetermined rotjati^n rate. 

In a reproduction light power setting step 202, the laser driver 15 is 
put in a reproduction mode, and sets the irradiation intensity of a light beam 
from the semiconductor laser 131 built in the optical head 13 at reproduction 

35 power. In a reproduction servo learning step 203, the controller 18 outputs a 
search command to the servo processor 16. The servo processor 16 allows the"^ 
actuator driver 26 to drive the objective lens actuator (not shown) in the 



17 



optical head 13, and reproduction tracking position learning and reproduction 
focus position learning required for a light beam to reproduce a previously 
recorded region in the optical disk 11 are conducted. 

Next, the controller 18 outputs a command for traverse drive to the 
5 servo processor 16. The servo processor 16 allows the traverse driver 27 to 
drive the traverse motor 28, and moves the optical head 13 to a predetermined 
position so as to reproduce management information (e.g., a FAT region of 
MS-DOS and Windows, a directory, or folder information) in which positional 
information and the like of data recorded on the optical disk 11 are recorded. 
10 In a management information reproduction step 204, the reproduction 

circuit 17 demodidates an output signal from the photodetector 132 bviilt in 
the optical head 13 to a management information signal. The demodulated 
signal is sent to the host computer 19 via the controller 18. More specifically, 
in the step 204, a user can confirm a directory and the like of information 
icorded on the optical disk 11 via a display (not shown) connected to the host 
)uter 19. 

During user's confirmation, a recording learning step is conducted. 
Icording learning step includes a recording servo leaning step 205, a 
ing power learning step 206, a recording p\xlse learning step 207, a 
groove parameter learning step 208, aild an equalizing amount learning 
step 209. I 

The recording servo learning step 205 includes a recording focus 
position learning step, a recording tracking position learning step, a recording 
radial tilt position learning step, and a recording tangential position learning 
25 step. 

In the recording focus position and recording tracking position 
learning steps, the servo processor 16 receives a command from the 
controller 18, and allows the traverse driver 27 to drive the traverse motor 28, 
thereby moving the optical head 13 to a test recording region provided on an 

30 inner peripheral side, an outer peripheral side, or both the inner peripheral 
side and the outer peripheral side, other than a user information recording 
region. Then, the servo processor 16 allows the actuator driver 26 to drive 
the objective lens actuator (not shown) in the optical head 13, thereby 
conducting test recording while changing a focus position and a tracking 

35 position and reproducing a signal from the test recording region. The jitter 
detection circuit 22 measures a jitter amount of the reproduced signal, and an 
optimum focus position and an optimimi tracking position are determined 




18 



where the jitter amount is a minimvun or a predetermined value or less. 

In the recording radial tilt position and recording tangential position 
learning steps, the servo processor 16 receives a command from the 
controller 18, and allows the tilt driver 29 to drive the tilt actuator (not 
5 shown) connected to the optical head 13. Thus, test recording in the test 
recording region is conducted while changing a radial tilt position and a 
tangential tilt position, and a signal from the test recording region is 
reproduced. The jitter detection circuit 22 measures a jitter amount as the 
quality of the reproduced signal, and an optimimi radial tilt position and an 

10 optimum tangential tilt position are determined where the jitter amount 
becomes minimum or a predetermined value or less. 

When the recording servo learning step 205 is completed as described 
above, the process proceeds to the recording power learning step 206. 

In the recording power learning step 206, the servo processor 16 

15 receives a command from the controller 18, and allows the traverse driver 27 
to drive the traverse motor 28, thereby moving the optical head 13 to the test 
recording region. Then, the controller 18 allows the laser driver 15 to change 
the irradiation intensity of laser light in stages for test recording. The laser 
driver 15 is put in a reproduction mode, and the optical head 13 reproduces 

20 the test recording region. The jitter detection circuit 22 measures a jitter 
amount as the quality of the reproduced signal, and a recording region is 
extracted where the jitter amount is minimxim or a predetermined value or 
less to set laser light irradiation intensity used for recording an extraction 
region as optimum recording power. 

25 In the recording pulse learning step 207, the servo processor 16 

receives a command from the controller 18, and allows the traverse driver 27 
to drive the traverse motor 28, thereby moving the optical head 13 to the test 
recording region. Then, the controller 18 allows the recording pulse 
generation circuit 4 to change a recording pulse width, a fore-to-aft edge 

30 position, or a leading and trailing edge pulse position in stages for test 

recording. Then, the laser driver 15 is put in a reproduction mode, and the 
optical head 13 reproduces the test recording region. The jitter detection 
circuit 22 measures a jitter amount as the quality of the reproduced signal, 
and a recording region is extracted where the jitter amount is minimum or a 

35 predetermined value or less to set a recording pulse used for recording the 
extraction region as an optimxmi recording pulse. 

In the groove parameter learning step 208, the servo processor 16 
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receives a command from the controller 18, and allows the traverse driver 27 
to drive the traverse motor 28, thereby moving the optical head 13 to the test 
recording region for test recording. Then, switching to a reproduction mode 
is done by the controller 18. Then, the controller 18 receives a subtraction 
5 signal (SD) amplified by the preamplifier 171 fi:*om the 2-divided 

photodetector 132, and memorizes a wobble pit amplitude in a track during 
test recording. The presence of fingerprints and contamination on the optical 
disk 11 is detected based on the wobble pit amplitude, and a set value of 
recording power is corrected. 

10 The groove parameter learning step 208 may be replaced by another 

method as long as an index indicating a groove shape can be obtained. 

In the equalizing amount learning step 209, the servo processor 16 
receives a command from the controller 18, and allows the traverse driver 27 
to drive the traverse motor 28, thereby moving the optical head 13 to the test 

15 recording region for test recording. Then, switching to a reproduction mode 
is done by the controller 18. A reproduced signal is received while changing 
an equalizing amount (e.g., a boost amount) set for the equalizer (EQ) 173. 
The jitter detection circuit 22 measures a jitter amount as the quality of the 
reproduced signal, and an optimum equalizing amount is determined where 

20 the jitter amount becomes minimum or a predetermined value or less. 

In the above-mentioned recording learning step, the jitter detection 
circuit 22 measures a jitter amount of a reproduced signal to determine an 
optimum recording condition. However, a method for detecting a bit error 
rate may be used. 

25 After the above-mentioned steps, the optical recording apparatus 1 is 

put in a standby state for recording/reproducing actual user information, and 
it becomes capable of reproducing, additionally recording, rewriting, and 
deleting a content recorded on the optical disk 11. 

As described above, according to the procedure shown in Figure 2, 

30 when the optical disk 11 is loaded in the optical recording apparatus 1, first, a 
directory content of information recorded on the optical disk 11 is allowed to 
be reproduced, and the information is transferred preferentially to the host 
computer. Thereafter, the recording servo learning step 205, the recording 
power learning step 206, the recording pulse learning step 207, the groove 

35 parameter learning step 208, and the equalizing amount learning step 209 

are conducted. More specifically, a learning operation can be conducted while 
a user is confirming the directory of recorded information on the host 

20 



computer 19 side. Therefore, a user substantially can ignore a time loss 
involved in a series of recording learning steps. 

(Embodiment 2) 

5 An optical recording/reproducing method will be described with 

reference to Figure 3, in which recording learning is conducted, following 
standby for a predetermined period of time after reproduction becomes 
possible. 

Figure 3 is a flow chart showing a procedure of an optical 
10 recording/reproducing method in the present embodiment. As an optical 
recording apparatus that functions in accordance with the procedure in 
Figure 3, the optical recording apparatus 1 shown in Figure 1 can be used. 
In the present embodiment, a timer 20 for counting a standby time is also 
used. In Figure 3, the same operations as those in Embodiment 1 are 
15 performed from the optical disk loading step 201 to the reproduction servo 
learning step 203; therefore, the description thereof is omitted here. 

In a lead-in reproduction step 301, the optical head 13 reproduces a 
lead-in region provided on the optical disk 11 where the information on the 
kind and a reproduction condition of the optical disk 11 is recorded. Herein, 
20 the information recorded in the lead-in region is referred to as preliminary 
information. 

In a reproduction standby determination step 302, it is determined 
whether or not further information is reproduced after the preliminary 
information in the lead-in region is reproduced. When reproduction is 

25 suspended (No) based on the determination, the process proceeds to an 

information recording determination step 305. When it is determined in the 
information recording determination step 305 that the host computer 19 does 
not request recording, a counter of the timer 20 is set in a counter-set step 306, 
and counts up a standby time t. When it is determined in the standby time 

30 determination step 307 that the standby time t thus counted up is shorter 

than a predetermined reference standby time T (No), a count-up step formed 
of a processing loop (steps 302, 305, 306, and 307) is repeated. On the other 
hand, when the standby time t is equal to or longer than a predetermined 
reference standby time T (Yes), the recording learning step 310 is conducted, 

35 and the optical disk 11 is put in a standby state for recording/reproducing 
information. 

When reproduction of information is continued in the reproduction 
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standby determination step 302 (Yes), the process proceeds to an information 
reproduction step 303. In the information reproduction step 303, the optical 
head 13 is moved so as to reproduce information recorded on the optical 
disk 11. In this case, management information of the optical disk 11 or data 
5 information may be reproduced as described in Embodiment 1. In a counter- 
reset step 304, the timer 20 counting a standby time is reset. 

Next, the case will be described where it is determined in the 
information recording determination step 305 that the host computer 19 
requests recording. In a recording learning step 308, the recording learning 

10 as described in Embodiment 1 (Steps 205, 206, 207, 208, and 209) is conducted, 
and recording power, a recording ptdse, a tracking position, a focus position, a 
radial tilt position, a tangential tilt position, a groove parameter, and an 
equalizing amount for recording information on the optical disk 11 are set in 
an optimal manner. In an information recording step 309, information from 

15 the host computer 19 is recorded on the optical disk 11, and the optical 
recording apparatus 1 is put in a standby state for recording/reproducing 
information. 

As described above, according to the procedure in Figure 3, when the 
optical disk 11 is loaded in the optical recording apparatus 1, information 

20 recorded on the optical disk 11 is reproduced preferentially, and after standby 
for a predetermined period of time, recording learning is conducted. As a 
result of this procedure, reproduction is conducted preferentially in the optical 
recording apparatus 1, and hence, a period of time for enabling information on 
the optical disk 11 to be reproduced is shortened substantially. Furthermore, 

25 a period of time for recording learning can be ignored substantially by a user 
due to the function of recording learning after a predetermined period of time. 

The case has been described where the recording learning step 310 is 
conducted when a time counted in the count-up step becomes a predetermined 
reference standby time T or longer. However, when reproduction of 

30 infonnation is requested in the course of the recording learning step 310, the 
recording learning step 310 may be suspended to reproduce information 
preferentially. In this case, information can be reproduced immediately by 
suspending recording learning, so that a period of time required before a user 
confirms information can be shortened. 

35 The mode has been described in which the lead-in reproduction 

step 310 is followed by standby for a predetermined period of time. However, 
it may be possible that a preferential mode selection switch 21 is provided in 
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the optical recording apparatus 1 as shown in Figure 1, whereby a mode of 
conducting a reproduction function preferentially and a mode of conducting a 
recording function preferentially may be selected. In this case, it is 
preferable that, for example, as shown in the flow chart in Figure 4, a 
5 reproduction preference function mode determination step 311 is conducted 
after the lead-in reproduction step 310. In this case, a portion represented by 
A in Figure 3 is replaced by a portion represented by B in Figure 4. 

As shown in Figure 4, when it is determined in the reproduction 
preference function mode determination step 311 that the preferential mode 

10 selection switch 21 is set in a recording preference mode (recording learning 
preference mode) (No), the count-up step is omitted, and the process proceeds 
to the recording learning step 310. In this step, recording power, a tracking 
position, a focus position, a radial tilt position, a tangential tilt position, a 
groove parameter, and an equalizing amount are set in an optimal manner. 

15 This step is followed by a standby state for recording/reproducing information. 
On the other hand, when it is determined in the reproduction 
preference function mode determination step 311 that the preferential mode 
selection switch 21 is set in a reproduction preference mode (Yes), each step in 
a range represented by A in Figure 3 is conducted. More specifically, a case 

20 where it is desired to record information preferentially and a case where it is 
desired to reproduce information preferentially are selected, and a standby 
state can be obtained after steps suitable for the selected mode. 

(Embodiment 3) 

25 An optical recording apparatus and an optical recording/reproducing 

method will be described in the case where an identifier for identifying 
whether an optical disk is recordable or write-protected is provided. 

Figure 5 is a block diagram showing a schematic structure of an 
optical recording apparatus in Embodiment 3 according to the present 

30 invention that records/reproduces information with respect to an optical disk 
provided with an identifier for identifying whether an optical disk is 
recordable or write-protected. The components denoted by the same 
reference numerals as those in Embodiment 1 have structures and functions 
similar to those therein; therefore, the description thereof will be omitted 

35 here. 

Referring to Figure 5, an optical disk 41 is loaded in an optical 
recording apparatus 2. The optical disk 41 is accommodated in a case 42 for 
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protection of its surface. The case 42 has an identifier hole 43. The 
identifier hole 43 is opened or closed by a slide 47. It is assumed in the 
present embodiment that the identifier hole 43 is closed when recording is 
possible (permitted), and it is opened when recording is impossible 
5 (prohibited). 

A light-emitting diode 44 is disposed in the optical recording 
apparatus 2 in such a manner as to be positioned above the identifier hole 43, 
when the optical disk 41 is loaded in the optical recording apparatus 2. A 
photodetector 45 is disposed opposing the light-emitting diode 44 with the 

10 case 42 therebetween. 

When the case 42 accommodating the optical disk 41 is loaded in the 
optical recording apparatus 2, the controller 18 outputs a signal LI to allow 
the light-emitting diode 44 to emit light. Light emitted by the light-emitting 
diode 44 is incident upon the photodetector 45 through the identifier hole 43, 

15 and converted into an electric signal L2. A recording possibility 

determination circuit 46 detects the signal LI that turns on/off the light- 
emitting diode 44 and the signal L2 from the photodetector 45 to determine 
the possibility of recording, and outputs a determination result output 
signal L3 to the controller 18. 

20 Next, a procedure of recording/reproducing information with respect 

to the optical disk 41 by the optical recording apparatus 2 will be described 
with reference to the flow chart in Figure 6. 

In an optical disk loading step 500 shown in Figure 6, when the 
optical disk 41 is inserted into the optical recording apparatus 2 and loaded 

25 onto the clamp 23, the controller 18 outputs a drive command to the servo 

processor 16. The servo processor 16 allows the spindle driver 25 to drive the 
spindle motor 24, thereby rotating the optical disk 41 at a predetermined 
rotation rate. In a reproduction light power setting step 501, the laser 
driver 15 is put in a reproduction mode, and sets the irradiation intensity of 

30 laser light at reproduction power. In a recording possibility determination 
step 502, it is determined based on the information obtained in the recording 
possibiUty determination circuit 46 whether or not the optical disk 41 is 
recordable or write-protected. 

When it is determined in the recording possibility determination 

35 step 502 that recording onto the optical disk 41 is prohibited (Yes), the process 
proceeds to an information reproduction step 503, and the reproduction 
circuit 17 demodulates a signal from the optical head 13 into an information 
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signal. Then, the demodulated signal is sent to the host computer 19 via the 
controller 18. Thereafter, the optical recording apparatus 2 is put in a 
standby state for receiving a subsequent command from the host computer 19. 
Because of this, in the host computer 19, information recorded on the optical 
5 disk 41 can be displayed, and a user can confirm the content of the 
information recorded on the optical disk 41. 

On the other hand, when it is determined in the recording possibility 
determination step 502 that the optical disk 41 is recordable (No), the process 
proceeds to a test region seek step 504. Then, the servo processor 16 allows 

10 the traverse driver 27 to drive the traverse motor 28, in response to a 

command from the controller 18, and moves the optical head 13 to a test 
region in the optical disk 41. Then, in a recording learning step 505, for 
example, recording learning operations similar to the steps 205, 206, 207, 208, 
and 209 described in Embodiment 1 are conducted. Then, the process 

15 returns to a standby state for recording/reproducing user information, after 
the information reproduction step 503. 

Due to the above-mentioned procedure, when the optical disk 41 is in 
a write protection state, the recording servo learning step 205, the recording 
power learning step 206, the recording pulse learning step 207, the groove 

20 parameter learning step 208, and the equalizing amount learning step 209, 
required for recording, rewriting, and deleting information, are omitted. 
Therefore, the optical recording apparatus 2 is put in a standby state for 
reproducing information in a short period time. 

In the above description, when it is determined in the recording 

25 possibiUty determination step 502 that recording is possible, the optical 

recording apparatus 2 is operated in the order of the steps 504, 505 and 503. 
However, the optical recording apparatus 2 may be operated in the order of 
the steps 204 through 209 as described in Embodiment 1. In this case, even 
when the optical disk 41 is recordable, the directory content of management 

30 information recorded on the optical disk 41 first becomes reproducible. This 
information is transferred to' the host computer 19 preferentially, and 
thereafter, a recording learning step is conducted. Accordingly, a learning 
operation can be conducted while a user is confirming a directory of recorded 
information on the host computer side. More specifically, a learning 

35 operation can be conducted while a user is confirming the directory of 
recorded information on the host computer side. 

Alternatively, when it is determined in the recording possibility 
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determination step 502 that recording is possible, the optical recording 
apparatus 2 may be operated in accordance with the procedure represented by 
A in Figure 3. In this case, information recorded on the optical disk 41 is 
reproduced preferentially, and recording learning is conducted after standby 
5 for a predetermined period of time. As a result of this procedure, the optical 
recording apparatus 2 reproduces information preferentially, which 
substantially shortens a period of time required for the optical disk 41 to 
become reproducible. Furthermore, due to the function of conducting 
recording learning after a predetermined period of time, a period of time for 

10 recording learning becomes substantially negligible to a user. 

In the present embodiment, the identifier hole 43 is provided at the 
case 42 as a recording identifier. However, another structure may be used as 
long as the possibility of recording of the case can be identified. 

Furthermore, with an optical disk having no case, it is possible that 

15 recording possibility information is recorded as a recording identifier in a 

region on the optical disk, and the optical head 13 is moved to the region upon 
loading of the optical disk to reproduce recording possibility information for 
determination of the recording possibility. 

Furthermore, the following may be possible: a recording identifier is 

20 provided at a case and an optical disk, and the presence of the case is 

determined; when there is no case, recording possibility information recorded 
in a region on the optical disk is detected. In this case, irrespective of the 
presence of the case, recording possibility can be determined. 



25 (Embodiment 4) 

An optical recording/reproducing method will be described in the 
following case: tracks on circumferences are divided into a plurality of regions 
depending upon a radial position, an optical disk is rotated for recording at a 
rotation speed (rotation rate) where an angular velocity is different depending 

30 upon a region to which tracks to be recorded belong, and angular velocity 
becomes constant in one region, and a recording' identifier is provided at a 
case. 

Figure 7 is a view showing a schematic structure of an optical disk 
apparatus (optical disk and case) used in the present embodiment. 
35 In Figure 7, an optical disk 60 is accommodated in a case 61 for 

protection. The case 61 may be provided with a recording identifier 62 that 
can be opened/closed for identifying whether or not recording on the optical 
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disk 60 is prohibited, in the same way as in Embodiment 3. The optical 
disk 60 is divided into a plurality of regions. 

Figure 7 shows an example in which the optical disk 60 is divided into 
three regions: a region A (RA), a region B (RB), and a region C (RC). The 
5 optical disk 60 is divided so that each region has a predetermined distance 
(radius r) from the rotation center. Each region spreads concentrically on the 
optical disk 60. More specifically, the regions RA, RB, and RC are 
partitioned by a circumference determined by a predetermined radius r. For 
example, with an optical disk having a radius r of 30 to 60 mm, the regions RA 

10 and RB should be partitioned by a circumference with a radius of 40 mm, and 
the regions RB and RC are partitioned by a circumference with a radius of 50 
mm. As described above, it is preferable that the respective regions are 
partitioned so tha^a-dtstaft co from tho r ota tion cont o r b o comos e qual . 

The optical msk 60 is divided into regions as described above. In 

15 recording, the optical disk 60 is rotated at a rotation rate where an angular 
velocity becomes lower toward a region of a track on an outer circumference. 
For example, when an optical disk divided as described above is rotated at 
1800 rpm in the region RA, 1350 rpm in the region RB, and 1080 rpm in the 
region RC, a relative linear velocity (scanning speed) of a track to be recorded 

20 and a light beam falls in a range of 5.6 to 7.5 m/s in RA, 5.7 to 7.1 m/s in RB, 
and 5.7 to 6.8 m/s in RC. That is, a range of a relative linear velocity of a 
track to be recorded and a recording head becomes substantially the same in 
the respective regions. 

In general, when information is recorded on an optical disk, recording 

25 conditions such as the intensity of a recording light beam, and a recording 
pulse depend upon a linear velocity largely. However, when the range of a 
linear velocity is set to be substantially the same, information can be recorded 
under substantially the same recording condition. It is preferable that the 
difference in linear velocity of the respective regions is set to be at most 2 m/s. 

30 A procedure of recording/reproducing information with respect to the 

optical disk 60 shown in Figure 7 will be described with reference to a flow 
chart in Figure 8. 

When the optical disk 60 is loaded in an optical recording apparatus 2 
(optical recording medium loading step 201), a lead-in region is reproduced in 
35 a lead-in reproduction step 301 after a reproduction light power setting 
step 202 and a reproduction servo learning step 203. In a recording 
possibihty determination step 701, the state of the recording identifier 62 is 
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detected. 

When it is determined in the recording possibility determination 
step 701 that recording is not prohibited (No), the process proceeds to a region 
rotation rate setting step 702, and the optical recording apparatus 2 is put in 
a mode of altering the setting of a rotation speed in accordance with each 
region, as described above. In the subsequent recording/reproducing 
step 703, for example, a boot-up step for reproducing information 
preferentially (each step described in Embodiment 1, or a range A in Figure 3 
described in Embodiment 2 or each step in a range B in Figure 4) is conducted, 
and the optical disk apparatus 2 is put in a standby state for 
recording/reproducing information. 

On the other hand, when it is determined in the recording possibility 
determination step 701 that recording is prohibited (Yes), the process proceeds 
to a constant rotation rate control step 704, and the optical recording 
apparatus 2 is put in a mode of rotating the optical disk 60 at a constant 
rotation rate (for example, in all the regions RA, RB, and RC in Figure 7) 
irrespective of a region. In the subsequent information reproduction 
step 705, information recorded on the optical disk 60 is reproduced at a 
constant rotation rate, and thereafter, the optical recording apparatus 2 is put 
in a standby state. 

Here, reflected light of a light beam radiated onto the optical disk 60 is 
detected, and recorded information is reproduced based on the change. 
Therefore, even when a linear velocity is changed, it is not required to change 
a condition of the output of a light beam and the like. More specifically, as 
described in the present embodiment, when the optical disk 60 is write- 
protected, only reproduction of information is conducted, so that it is not 
required to alter a rotation speed depending upon each region. As a result, a 
control time required for altering the rotation speed of the optical disk can be 
omitted, and information of the optical disk can be searched at a high speed. 

In the present embodiment, the optical disk is divided into three 
regions. However, the following may be possible: the optical disk is divided 
into further regions, and when it is determined that recording is prohibited 
and a light beam moves over a predetermined number or more of regions, the 
rotation rate is altered. In this case, the variation in a linear velocity in the 
same region becomes further smaller when recording is possible, and the 
rotation rate is altered only when a light beam moves over a predetermined 
number or more of regions in the case of write-protection. Therefore, the 
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frequency of altering the rotation rate during reproduction becomes small. 
Accordingly, a time for searching an arbitrary track can be shortened. 

The invention may be embodied in other forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects as illustrative and not 
limiting. The scope of the invention is indicated by the appended claims 
rather than by the foregoing description, and all changes which come within 
the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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